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CHARLESTON I
TESTS OF FOUR NITROGEN-CARRIERS IN A MATURE APPLE
ORCHARD AT MARTINSBURG, WEST VIRGINIA
R. H. Sudds
HISTORICAL
The previous report on the fertilization of apple orchards in
West Virginia was written in 1932 by Knowlton and Hoffman
(9). In 1922, when the experiments described in that bulletin
were started, only two fertilizers with quickly available nitrogen,
nitrate of soda and sulphate of ammonia, had attained sufficient
importance to warrant testing their comparative value. The
results presented by Knowlton and Hoffman indicated that when
nitrate of soda and sulphate of ammonia were applied 15 days
before bloom, the response was practically the same from either
material. When the applications were made at time of bloom,
the nitrate of soda gave the greater response. Several years after
that test was begun, new kinds of nitrogen fertilizers, such as
cyanamid and urea, became of some consequence. It was decided
then that the orchard response resulting from the use of these
two materials should be compared with that obtained from sul-
phate of ammonia and Chilean nitrate of soda.
The newer fertilizer tests1 were begun in 1936 in a commercial
apple orchard situated near Martinsburg, West Virginia, in the
northern end of the Shenandoah Valley. The purpose was to
compare the effects of the four nitrogen-carriers—Chilean nitrate
of soda, sulphate of ammonia, cyanamid, and urea—on the growth
and yield performance of 25-year-old York Imperial apple trees.
The experiment was concluded after the 1943 season at the end
of the 8-year period.
DESCRIPTION OF THE ORCHARD
The orchard is situated on a low, wide-based spur of Apple
Pie Ridge which in this location is scarcely to be recognized as a
hill. The major slope to the southeast rarely exceeds two percent
in the experimental area. The elevation above sea level is ap-
proximately 630 feet. Three-quarters of a mile to the northwest,
North Mountain rises abruptly to a height of 1000 feet above the
1 The following former or present staff members of the West Virginia Agricultural Experi-
ment Station have assisted in the conduct of this experiment : Edwin Gould of the
Department of Entomology ; L. P. Batjer, R. S. Marsh, D. S. Brown, and O. E. Schubert
of the Department of Horticulture.
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orchard, furnishing considerable protection against winds from
the west and north.
The soil in the orchard is a Frankstown gravelly silt loam,
which was formed by the weathering in place of highly impure
limestone containing interbedded lime}^ shales and fine-grained
sandstone. This type, together with the Frankstown silt loam,
into which it grades imperceptibly, is used extensively for apple
and peach orcharding. The soil drainage, both surface and
internal, is excellent. In this location the soil contained 25 to 35
percent gravel by weight. No rock outcrops or stones were
present. Apple roots were found to penetrate to bedrock, which
was encountered at 8 feet in one test excavation made in this
orchard (4, p. 18).
Before the setting of the trees, the area was utilized for more
than 100 years for the production of general farm crops. After
planting in 1911, the orchard was intercropped with corn until the
growth of the trees made the practice unprofitable.
For some years before the experiment, the orchard soil was
not cultivated. The soil treatment during that period is most
accurately described as that of practically none at all. When
intercropping was abandoned, a volunteer cover of bluegrass and
weeds came in; no encouragement was offered such as liming,
seeding, or fertilizing.
There is no record of the application of lime to the orchard.
Stable manure, chiefly from the dairy herd, is said to have been
the only fertilizer applied to the area. Apparently it was not used
in very substantial amounts.
Pruning was under supervision of the owner of the orchard
and was done by his farm help. The training of the trees was
about as expected in orchards of that age, while the pruning was
below average in quality. Before the experiment, the only orchard
operations practised with diligence were pruning and picking.
Practically nothing else was done in the orchard.
Spraying in the Orchard
Before 1936, spraying was seldom done in the orchard. From
the beginning of the experiment in that year through the season
of 1942, the spray schedule was approximately the same, as fol-
lows: Delayed dormant: 4 percent oil plus y2 percent tar oil;
pink, lime-sulphur 1 to 50; petal fall, lime-sulphur 1 to 50, lime
6 pounds, plus 3 pounds of arsenate of lead per 100 gallons.
During that period, all spraying was discontinued after the petal-
fall application. 2
2 This unusual spray program was required by a second project, the biological and me-
chanical control of the codling moth, in progress concurrently in the orchard.
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The same schedule was followed during the 1943 season up to
and including the petal-fall. After this application, 5 cover sprays
were applied, with oil and nicotine in two of these sprays. A
34-1-100 Bordeaux plus 3 pounds of lead arsenate per 100 gallons
was used in all the cover sprays in 1943.
All spraying was done under the direction of Mr. Edwin Gould,
Associate Entomologist in Charge, University Experiment Farm,
Kearneysville.
PROCEDURE
The York Imperial apple trees were set 34'x36' in 1911; they
were 25 years old when the tests were started.
In 1936, before the nitrogen-carriers were applied, the ground
cover was grubbed as shallowly as possible from directly under
the spread of the branches of all the trees in the block. 3 The
resultant roughly-circular cleared area averaged slightly less than
10 feet in radius about the trunk of each tree. In 1937, the occa-
sional small spots of grass and weeds appearing in the cleared
areas were merely mowed by hand. The vegetal cover never
reappeared in any appreciable part of the cleared areas.
The pH 4 of the surface 6 inches of the soil under the spread
of the branches of the experimental trees varied a few hundredths
around an average of 5.47 in 1936, when the nitrogen-carrier test
was begun.
The organic content of the soil ranged from 1.8 to 2.7 per-
cent with an average of 2.1 percent as determined by the Wakley
and Black rapid-combustion method (13).
Four nitrogen-carriers—sulphate of ammonia, Chilean nitrate
of soda, cyanamid, and urea—had been chosen for each trial. It
was decided that each material should be applied to each of 20
trees. To select these, a section of 109 trees was divided into three
classes on the basis of their trunk circumferences. These three
classes in turn were subdivided into lots of four trees with their
trunks more closely sized than in the first grouping. The selection
of the individual trees within the group of four to receive each
nitrogen-carrier was made by chance, except that no two trees
receiving the same material were permitted to be closer than on
a diagonal.
This arrangement gave 20 single-tree plots for each carrier.
No buffer or guard trees were used between the fertilized in-
dividuals. To use such trees would have practically doubled the
3 This was a requirement of the second research project, to which reference has been made.
4 In the pH scale, 7 is neutral. Numbers below 7 indicate acidity. The greater the
variation below 7, the stronger the acidity, which increases much faster than the
numbers indicate.
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number required, and their use has not been found to be indis-
pensable here or elsewhere (5, p. 23).
At the beginning of the experiment, the average trunk cir-
cumferences of the four groups of trees were: sulphate of am-
monia, 893 millimeters 5 ; nitrate of soda, 899 mm.; cyanamid,
890 mm.; and urea, 897 mm.
No previous yield records of any kind were available; hence
it was not possible to employ this most valuable measure of tree
performance as a criterion in selecting or discarding trees.
No check or unfertilized trees were included in the experi-
mental lay-out, since the apple tree which does not receive
nitrogen in some form or other, at least every few years, is
seldom commercially profitable under conditions existing in the
Shenandoah Valley. The unfertilized trees, to which reference
is made later, were scattered through the experimental area; they
were not suitable for use in the project.
Rates and Method of Application of the Nitrogen-Carriers
The basic rate of application of the nitrogen-carriers was 7
pounds per tree per year of Chilean nitrate of soda or its nitrogen
equivalent in one of the other materials. This amounted to ^A
pounds of sulphate of ammonia and cyanamid and 2 1/4 pounds
of urea. In 1942 and 1943, Uramon (urea plus a conditioner)
was substituted at the rate of 2% pounds for the straight urea,
since the latter was no longer on the fertilizer market.
The fertilizer was spread as uniformly as possible by hand,
the spreading being done from the tips of the branches toward
the trunk of the trees.
The spring applications of the nitrogen-carriers have been
made from mid-March to mid-April with one exception, that of
cyanamid, which was applied on February 4, 1938. The fall
applications of cyanamid were made on October 25, 1938, Septem-
ber 26, 1939, and November 18, 1940. During the course of the
experiment, blossoming time in the orchard has varied from the
latter part of April to the early part of May.
5 25.4 millimeters equals one inch.
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EXPERIMENTAL RESULTS
Yields in the Martinsburg Orchard
Figure 1 shows the average yields per tree for each of the four
nitrogen-carriers during the period 1936-1943, inclusive. There
were no significant differences between any of the yields. While
the trees receiving sulphate of ammonia apparently outyielded
any of the other groups, the statistical treatment of the data showed
that all the trees, regardless of the material they received, could
have come from the same fertilizer treatment in so far as significant
differences in yields were concerned.
CHILEAN NITRATE- 91.1 BU.
SULPHATE OF AMMONIA-100. 2 BU.
CYANAMID— 91.7 BU.
UREA (URAMON)— 94.0 BU.
Fig. 1—Average yield per tree for period 1936-1943, inclusive. None
of the differences is significant
The yield of the experimental orchard has averaged about
11% bushels per tree per year. Since the trees are set 34'x36'
on the square, this means that there are theoretically 36 trees
per acre. The experimental block, then, has produced at the
rate of 400 bushels per acre lor each year of the 8-year period.
This production may not appear to be particularly impressive
when it is known that a few apple orchards in Jefferson and
Berkeley Counties have yielded better than 1000 bushels per
acre for single-seasons. However, such yields are the rare ex-
ception, not the rule, in that area. 6
6 A survey (12) conducted in the Cumberland-Shenandoah Region of Pennsylvania, Vir-
ginia, and West Virginia showed that for the 5-year period 1922-1926, inclusive, only 6
percent of the more than 400 bearing orchard blocks covered by the survey averaged
more than three barrels (9% bushels) per tree per year. Abrahamsen (J) more
recently has summarized production records of more than 200 orchards in the Eastern
Panhandle of West Virginia. He found that apple trees in the age group of those in
this test averaged annually from 163 bushels per acre (ages 26-30 yrs.) to 133
bushels per acre (ages 31-35).
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Trunk Circumferences in the Martinsburg Orchard
Trunk measurements are of some value in determining the re-
sponse of fruit trees to fertilizers. In general, the larger the top,
the larger the trunk. Also, the larger the trunk, the larger the yield
will tend to be in most instances. Taken alone, without the
corroboration of other data such as yields, trunk measurements
must be used with great caution. When, however, as in this in-
stance, both yields and trunk circumferences indicate exactly the
same result, the latter are helpful.
Fig. 2—Average trunk circumference in 1936 at start. Note uniformity of
groups between carriers
/NITRATE\ /SULPHATE \ /CYANAMID
( 1060 MM
J
( 1070 MM ) ( '045 MM
Fig. 3—Average trunk circumference in 1943 at end. Note continued uni-
formity of all groups. No significant differences observed
Figures 2 and 3 show diagrammatically the trunk circum-
ferences before and after the experiment. A casual inspection of
the values shows that the trees completed the 8-year period as
they had entered it, with the four groups of trees closely alike at
both times. The four lots of trees could hardly be expected to
possess more uniform average trunk circumferences. None of
the differences is significant.
Some Possible Explanations for the Uniform Response of the
Trees to all of the Nitrogen-Carriers
It will be observed that all four nitrogen-carriers have given
equal response in growth and yield during the 9-year period; this
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agrees with the inconsequential differences obtained in orchard
trials from the use of the nitrogen-carrying fertilizers—sulphate
of ammonia and nitrate of soda—when nitrogen was the limiting
factor and when amounts of fertilizer were used carrying ap-
proximately the same amounts of nitrogen (5, 7). Since the
results of the present experiment which includes two other car-
riers, might have been somewhat different under other conditions,
the factors promoting the observed uniform response should be
considered briefly.
Anthony (2) found that when either nitrate of soda or sul-
phate of ammonia is applied early in the spring to apple trees in
heavy bluegrass sod, the trees are able to get but little of the nitro-
gen. In this experiment, however, the sod and all other vegetal
cover under the spread of the branches had been removed in
1936, before the tests were begun. The grass and weeds did not
return to any appreciable extent during the entire 8-year period.
Practically all the nitrogen in any form should have been avail-
able to the tree roots, since the carriers were applied almost
exclusively to the area free of vegetation.
Another factor making for an equal response was that the
slower-acting nitrogen-carriers—cyanamid, sulphate of ammonia,
and urea or Uramon, as well as the quicker-acting nitrate of soda
—were applied early each year, usually two weeks before bloom.
The result of applying these materials at that time was that their
nitrogen content could be changed to the nitrate form before
the beginning of the heavy demand of the spring growth of the
trees. Root activity proceeds at any time of the year when the
soil is not frozen and when food and moisture are adequate.
Although the soil was quite acid, it would appear that the
nitrification of the sulphate of ammonia took place with sufficient
rapidity to furnish the nitrogen required by the trees. If the
experiment had been continued for several years longer and no
lime had been applied to the area under the branches, it is possible
that the soil acidity would have become so great that the am-
monia might not have been converted to the nitrate form quickly
enough. In that event, the nitrogen requirements of the trees dur-
ing the period of peak demand in the spring might not have been
as well satisfied, and the response of those trees might have been
appreciably less.
APPLE ORCHARD AT MARTINSBURG, WEST VIRGINIA 11
THE EFFECT ON SOIL ACIDITY OF APPLYING THE FOUR
NITROGEN-CARRIERS FOR EIGHT SEASONS
Before the treatments were started in 1936, samples were ob-
tained from the surface 6 inches of soil under the spread of the
branches of each tree in the experimental block. The sampling
was repeated in each subsequent year, except in 1940.
As Figure 4 indicates, the pH values of all the samples were
practically the same at the start, varying only slightly and in-
significantly around an average pH of 5.47. 7 The differences
were so small that duplicate samples might have reversed the









Fig. 4—Changes in pH of surface 6-inches of soil with each nitrogen-
carrier. All differences are significant
It will be noted that the pH values of the soil under the trees
receiving cyanamid and nitrate of soda actually increased, the
increase being greater where the cyanamid was used, as Figure 4
shows. However, if more sulphur-containing sprays had been
applied, the pH values under the cyanamid and nitrate of soda
trees might have been lower than at the beginning of the ex-
periment.
7 All pH determinations were made with glass electrodes. Up to 1943, all were made
with an assembled outfit including a Leeds & Northrup potentiometer and gal-
vanometer and a homemade vacuum-tube assembly. The 1943 determinations were
made with a Leeds & Northrup portable pH indicator.
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Nitrate of Soda
The effect of the nitrate of soda in decreasing the soil acidity
is not as desirable as would at first seem to be the case. The
sodium left as a residue when the nitrate is absorbed tends to
break down the cementing material holding together the indi-
vidual soil grains in the form of clusters or aggregates. Such
soil is more likely to erode, since the particles act like individual
grains of sand. Likewise, it becomes unduly sticky when wet
and hard when dry. These effects were very pronounced in the
soil samples taken in the fall of 1943. A report by Batjer and
Sudds (3) based on an 11-year comparison of nitrate of soda and
sulphate of ammonia in an orchard of the same general area
and on the same soil series has demonstrated this effect from the
nitrate.
Although the use of sodium nitrate does reduce the amount of
lime needed to maintain a suitable soil reaction, it does not elimi-
nate the necessity for liming, since the nitrate applied in rings
for the trees can hardly be expected to benefit the vegetation
between the tree rows. Calcium likewise is important in the
nutrition of the tree.
More Chilean nitrate of soda is used in the orchards of the
Eastern Panhandle than all other nitrogen-carriers combined.
This situation appears to be largely a matter of habit and custom.
The importance of the minor elements in Chilean nitrate of soda
has been stressed unduly. With the amounts of nitrate com-
monly applied per acre and with the relatively small content of
these accidental impurities in the Chilean product, the slight addi-
tions of these other salts are usually of no practical importance.
Collison and Anderson (6) in a progress report on their investi-
gations in New York observed that, so far, any special claims
carried by the commercial grade of complete fertilizer, such as
minor-element content or special value for fruit, have not been
justified on the basis of production or quality.
Cyanamid
Where cyanamid was used, there was also a decrease in soil
acidity. Figure 4 shows that this difference in reaction of the
soil at the beginning and in 1943 was much greater than in the
case of the nitrate of soda. This decrease is due to the lime
contained by the cyanamid, a ton of which has the basic effect
of 1260 pounds of limestone (CaC0 3 ). Since calcium accounts
for the rise in the pH of the soil under cyanamid-treated trees,
this decrease in acidity is of a more desirable character as com-
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pared with that resulting from the use of the Chilean nitrate of
soda.
The maximum safe rate of application of cyanamid suggested
for fruit trees on heavy soils possessing a normal amount of
organic matter and soil moisture is 400 pounds per acre. This is
the equivalent of 252 pounds of limestone (CaC0 3 ). While the
effect of the cyanamid in this experiment has been to decrease
the soil acidity under the trees, it is obvious that this had no effect
on the soil reaction between the tree rows where the cyanamid
was not applied. Most of the cover crop or sod is grown in this
latter area, and liming may still be required there.
The use of cyanamid resulted in foliage scorch or burn in
two years out of eight: 1937 and 1943. The leaf injury appeared
in September 1937 and in June 1943, in both instances after
March applications of 5% pounds of cyanamid per tree. No
scorch appeared in the case of any of the other nitrogen-
carriers tested, although all applications contained the same
amount of nitrogen and were applied in the same manner and
usually during the same day.
While the cyanamid injury appeared when the material was
used at the theoretical rate of 187 pounds per acre, applying the
cyanamid in the "rings" under the branches raised the actual
rate for those areas to nearly 750 pounds per acre, twice the
amount suggested by the manufacturers.
The burning observed in 1937 and 1943 evidently was a
direct consequence of the dry soil existing at the time of each
application and of a continued dry spell for about a month
afterwards. In the intervening period, the cyanamid probably
was converted in part to a form toxic when absorbed by the tree
roots. Frozen soil might have resulted in the same type of
injury to the foliage (8).
Amounts of cyanamid as great as 21 and 25 pounds per tree
applied in rings did not necessarily produce injury with certain
other trees in this orchard which were not part of the test. When
scorch occurred, 5^4 pounds produced injury to the foliage but
in lesser amounts than the abnormally heavy applications. It
was not possible to predict the appearance of the scorch.
For a complete discussion of the cyanamid injury as it was
observed in 1937 and in 1943, two detailed reports by Sudds and
Marsh (10, 11) should be consulted.
The yields of the trees receiving cyanamid have been the
same as those receiving the other nitrogen-carriers. The foliage
injury observed in 1937 produced no detectable decline in }delds.
This may be due in part to the fact that the burning did not
appear until well on in September, when the growth for the
season had long been completed. The appearance of foliage
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injury in 1943 was observed in June, when the crop was already
on the trees. On this occasion, there was no apparent effect on
the yield of fruit for 1943 or on the grade or size of the apples.
If cyanamid is to be applied to apple trees in West Virginia,
the application should be made only in the autumn, when the
soil moisture is more likely to be adequate than in the spring.
The soil should not be frozen at the time. Furthermore, the
cyanamid should be distributed over the whole square or tri-
angle of soil in which the tree is standing and should not be
concentrated under the spread of the branches, a practice which
in effect raises the rate of application. The amount applied to
fruit trees on heavy soils should be at most 400 pounds per
actual acre of soil surface receiving this material. On sandy
types of soil, 250 pounds of cyanamid per acre is the safe maxi-
mum, and it may be less for certain crops or conditions; injury
will occur much sooner and the damage will be more severe on
the lighter soils.
Sulphate of Ammonia
Sulphate of ammonia is used extensively for direct appli-
cation in orchards over most of the state other than in the
Eastern Panhandle.
In this experiment the application of sulphate of ammonia
for 8 years has resulted in lowering the reaction of the soil
under the trees by 1.2 pH units. The average value under the
branches reached 4.27, and it should be recognized that this
figure is much too low to permit the proper growth of any de-
sirable species of ground cover in the area affected, if this was
sought. The number and character of the fine roots likewise
are unfavorably affected by such extreme acidity (3).
While the yields of the trees receiving the sulphate are
higher than those of the other nitrogen-carriers under test, as
Figure 1 shows, no significance should be attached to this dif-
ference. The wide natural variations in the productivity of the
individual trees of all of the groups would require much greater
average differences between treatments, before the yields due
to the use of any of the materials could establish definite su-
periority.
The objectionable effect of the sulphate of ammonia in
rapidly building up a high degree of soil acidity is a well-known
property of this chemical. The use of this nitrogen-carrier
should be accompanied every few years by the applicaton of at
least the same total weight for the entire period in ground
limestone or its equivalent in any other suitable form of lime.
APPLE ORCHARD AT MARTINSBURG, WEST VIRGINIA 15
There is no question that ammonium sulphate is a satisfac-
tory source of nitrogen for fruit trees when lime is used as
indicated previously. The price paid for the sulphate should be
sufficiently lower than that of the nitrate of soda to pay all
expenses of labor and material of the liming. For that reason,
the sales prices of nitrate of soda and sulphate of ammonia
should not be compared solely on the basis of their relative
nitrogen contents. This is the same recommendation issued
previously by this Station (9).
Urea or Uramon
When the test was begun in 1936, urea was a source of nitro-
gen available for orchard use. Because of certain difficulties in
storage and handling, urea as such disappeared from the market
and the proprietary material Uramon partially replaced it. As
constituted in 1943, Uramon was merely urea plus a conditioner
added to improve the storage qualities which still were not
ideal. The Uramon has resulted in tree growth and production
equal to any of the other 3 nitrogen-carriers under trial. There
is no doubt that urea is a perfectly satisfactory source of nitrogen
for use in orchards under West Virginia conditions.
Uramon has increased the soil acidity a little less than half
as much as has the sulphate of ammonia. The theoretical dif-
ference is much less than this (for 100 pounds of Uramon, 75
pounds of limestone, CaC0 3 , should be required to neutralize
the acidity, while for 100 pounds of sulphate of ammonia, 110
pounds of limestone is required). Liming at the rate of three-
quarters of one pound of limestone for each pound of Uramon
applied during any period under consideration is therefore nec-
essary if it is desired to maintain the original soil reaction.
Changes in pH Under Unfertilized Trees
It is worth noting that the acidity under the half-dozen un-
fertilized trees which were scattered among those receiving the
nitrogen increased from pH 5.47 to 5.08—more than one-half of
that resulting from the use of urea or Uramon. While only a
very limited spray schedule was followed (as previously stated,
this is a requirement of another project in progress in the same
orchard), this practice is probably responsible for most of the
increase in soil acidity under the unfertilized trees, because of
the sulphur content of the material.
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At the close of the experiment, the average pH of four areas
midway between the tree rows was 5.64. These had received
practically no spray material and none of the nitrogen-carriers
was applied in these places. The tendency for the soil to be
more acid under the trees than beyond the tips of the branches
is in agreement with some unpublished data in the possession
of the author. With anything like a full spray schedule, it is
probable than even the nitrate of soda and the cyanamid areas
would have been more acid at the conclusion than at the be-
ginning of the experiment.
CONCLUSIONS
Chilean nitrate of soda, sulphate of ammonia, and Uramon
may be expected to produce equally satisfactory results as
sources of nitrogen for direct application to apple trees in West
Virginia, when lime is used as necessary with the sulphate and
the Uramon for correcting soil reaction.
Cyanamid is safe for use as a nitrogen-carrier for direct
application to apple trees in West Virginia orchards under a
much narrower set of environmental conditions than Chilean
nitrate, sulphate of ammonia, or Uramon. Cyanamid should
preferably be applied in the autumn, when soil-moisture con-
ditions are most likely to be favorable, but before the soil freezes.
This nitrogen-carrier should not be applied in the usual fer-
tilizer rings under the spread of the branches. The amounts per
unit of soil surface recommended by the manufacturers should
not be exceeded.
SUMMARY
Comparison of the growth and yield response of mature
York Imperial apple trees to applications of four nitrogen-
carriers was begun in the spring of 1936 in a commercial orchard
near Martinsburg, West Virginia, in the Shenandoah Valley
portion of the Eastern Panhandle.
The basic application was 7 pounds of Chilean nitrate of
soda or its nitrogen equivalent in sulphate of ammonia, cyana-
mid, or urea (Uramon). Each carrier was applied to 20 single-
tree plots in the spring except cyanamid in 1938, 1939, and 1940,
when fall-applications of this material were made. The trees
were selected on the basis of uniformity of trunk circumferences,
since no yield records were available.
At the close of the experiment after the 1943 season, there
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were no significant differences in yields for the 8-year period
between any of the four nitrogen-carriers. The trunk circum-
ferences, which averaged almost the same for all of the four
groups at the start, were practically as close at the end.
The effect of each nitrogen-carrier on soil reaction is dis-
cussed briefly.
Any of the four materials tested will serve as a satisfactory
source of nitrogen in apple orchards in West Virginia, if certain
precautions are observed: (1) Lime should be used as neces-
sary with the two carriers, sulphate of ammonia and Uramon,
which tend to increase soil acidity. (2) As a precautionary
measure, cyanamid should be applied in the autumn, not in the
spring, and distributed over the entire tree squares or triangles.
While nitrate of soda would be expected to give a greater
response in blossom-time applications, all of the materials were
usually applied at least two weeks before bloom, so that the
carriers with more slowly available nitrogen, such as sulphate
of ammonia, Uramon, and cyanamid, performed to equal ad-
vantage.
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Total yields in bushels







.K-3 850 977 89
J-15 965 1123 119
1-12 800 971 66
1-3 935 1123 106
H-23 880 1010 68
H-18 880 1 99
H-7 810 980 82
H-2 790 912 34
G-28 885 1054 107
G-19 1045 1260 131
K-12 940 1107 127
K-9 970 1170 117
J-26 945 1101 93
J-5 845 994 65
1-20 745 841 53
H-14 825 962 37
H-4 940 1125 106
G-21 925 1054 107
G-17 955 1125 104
G-9 860 1014 124
Total 1834 bu.
Average 890 mm. 1045 mm. 91.7 bu.
K-8 940 1215 136
J-13 795 926 53
1-24 900 1105 113
1-21 970 1144 48
1-19 900 1088 54
1-11 950 1092 87
H-9 780 886 48
H-3 895 1058 111
G-27 900 1038 78
G-13 960 1115 136
K-ll 840 1027 136
J-23 950 1117 85




J-2 940 1108 130
1-26 980 1188 134
1-8 855 1023 119
H-29 1070 1284 140
G-22 760 882 60
G-15 980 1134 92
Total 1879 bu.
Average 897 mm. 1063 mm 94.0 bu.
22 TESTS OF FOUR NITROGEN-CARRIERS IN A MATURE
Table 1
—
Yield and Groicth Performance in the Martinsburg Orchard, 1936-
1943, Inclusive (Continued)
Nitrogen- Tree row Trunk circumferences Total yields in bushels
carrier and No. in millimeters 1936 - 1943, inclusive
At start At close
1936 1943
Nitrate of soda K-13 940 1095 85
1-23 930 1137 105
1-10 930 1116 119
1-6 975 1172 155
1-2 970 1115 82
H-25 965 1060 115
H-21 850 1010 98
H-8 815 990 57
G-29 890 1060 63
G-18 970 1103 83
K-7 780 951 48
J-25 1070 1285 154
J-16 990 1182 96
J-9 890 1060 98
1-18 805 935 59
1-13 805 990 111
1-4 845 1019 89
G-23 910 1005 75
G-20 800 915 34
G-5 850 999 96
Total 1822 bu.
Average 899 mm. 1060 mm. 91.1 bu.
Sulphate of ammonia K-14 930 1103 90
K-6 965 1164 145
J-21 855 1043 94
1-29 840 966 79
1-27 965 1175 108
1-9 905 1087 111
H-24 1000 1205 153
H-19 830 930 34
G-12 760 928 62
G-4 900 1072 90
J-24 900 1120 126
J-19 930 1115 149
J-ll 925 1114 110
J-8 755 935 88
J-3 940 1155 128
1-5 820 1000 64
H-22 980 1180 112
H-13 960 1145 144
G-26 780 905 57
G-8 910 1055 60
Total 2004 bu.
Average 893 mm. 1070 mm. 100.2 bu.*
The wide variation in individual yields, from 34 to 153 bushels, of the trees receiving
sulphate of ammonia, together with a similar situation with the trees in the other three
groups, results in no difference favoring the sulphate over any of the other treat-
ments.
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Table 2
—
Changes in Average Soil pH Values in Areas Receiving the Nitrogen-
carriers in the Martinsburg Orchard, 1936-1948, Inclusive, as Deter-
mined Electro metrically toith Glass Electrodes
Carrier 1936* 1937 1938 1939 1941 1943f
Cyanamid 5.42
Nitrate of soda 5.44
Uramon 5.49
Sulphate of ammonia 5.47
Check—no fertilizer 5.47
* Before start of experiment,
t At close.
5.48 5.40 5.24 5.87 5.93
5.44 5.45 5.20 5.62 5.63
5.14 5.21 4.48 4.71 4.85
4.88 5.03 4.10 4.29 4.27
5.08



